Background-Cystic fibrosis (CF) and short bowel syndrome (SBS) patients are unable to absorb vitamin D from the diet and thus are frequently found to be severely vitamin D deficient. We evaluated whether a commercial portable ultraviolet (UV) indoor tanning lamp that has a spectral output that mimics natural sunlight could raise circulating 25-hydroxyvitamin D [25(OH)D] levels in subjects with CF and SBS.
Vitamin D is an important nutrient for intestinal calcium absorption for optimal skeletal health. Vitamin D can either be ingested from the diet (vitamin D 2 or D 3 ) or produced in the skin (D 3 ). Vitamin D (vitamin D 2 or D 3 ) absorption from the diet occurs primarily in the duodenum and jejunum (1, 2) . Vitamin D 3 (cholecalciferol) is the form of vitamin D that can be produced endogenously in the skin following ultraviolet B (UVB) radiation (3) . After production in the skin, vitamin D 3 is converted to the major circulating form of vitamin D, 25-hydroxyvitamin D 3 (25(OH)D 3 ). Circulating 25(OH)D 3 is then converted to 1,25dihydroxyvitamin D 3 by the kidney 1-α-hydroxylase to act as a steroid hormone to increase the efficiency of calcium absorption primarily in the duodenum to maintain proper serum calcium levels for skeletal health and other cellular signaling processes (3) .
Treatment of vitamin D deficiency in most healthy individuals is accomplished by giving vitamin D 2 (ergocalciferol) 50 000 IU once or twice a week for several weeks (4) . However, patients with malabsorption as in short-bowel syndrome (SBS) and cystic fibrosis (CF) are not able to absorb vitamin D efficiently and thus have a high prevalence of vitamin D deficiency, leading to osteomalacia and osteoporosis. SBS patients have been given highdose oral vitamin D supplementation without an improvement in vitamin D status due to poor intestinal absorption of vitamin D (1, 5, 6) . CF patients have inefficient vitamin D absorption due to pancreatic exocrine insufficiency resulting in malabsorption of fat-soluble vitamins, including vitamin D. CF subjects absorb approximately 50% less vitamin D compared with what normal subjects absorb, depending on the degree of exocrine insufficiency (7) . Current guidelines in CF patients to treat vitamin D deficiency with weekly high-dose ergocalciferol (vitamin D 2 ) have been ineffective (8) (9) (10) . Despite 50 000 IU of ergocalciferol once a week for a total of 16 weeks in vitamin D-deficient CF patients, all of the patients remained vitamin D deficient (10) .
Because patients with fat malabsorption syndromes cannot efficiently absorb vitamin D from the diet, an alternative method to raise vitamin D status, especially during the winter months where vitamin D cannot be made (11) , would be by exposing the skin to UVB produced by a device to produce vitamin D 3 cutaneously (1, 12) . Indoor tanning machines emit the same spectrum UVB radiation as sunlight (13) . Studies evaluating indoor tanning beds have demonstrated that 25(OH)D levels can be raised after exposure to lamps that emit UVB (14) . Cross-sectional studies have demonstrated that subjects who use an indoor tanning bed at least once a week have higher 25(OH)D levels than control subjects, which correlates with a higher bone mineral density (BMD) (13) . Koutkia et al (1) successfully treated vitamin D deficiency, and associated musculoskeletal pains in a subject with SBS with the use of an indoor tanning bed.
In the current study, we sought to evaluate whether a commercially available portable desktop tanning machine could improve vitamin D status in patients with SBS and CF, disorders characterized by chronic malabsorption of fat-soluble vitamins.
Methods

Evaluation of a portable tanning machine to make vitamin D
To determine whether we could use a tanning device to improve vitamin D status in patients with malabsorption, we initially tested a commercially available desktop tanning machine to determine whether the UVB radiation emitted from the machine could convert 7dehydrocholesterol (7-DHC) (pro-vitamin D 3 ), the compound naturally present in skin, to pre-vitamin D 3 . We obtained the Sperti Del Sol portable tanning machine from KBD Inc. (Crescent Springs, KY, USA). The UVB output of this machine overlaps with the region of UVB necessary for vitamin D production in the skin (290-315 nm) ( Fig. 1 ).
We exposed ampules containing a known quantity of 7-DHC to the machine at several distances and times to determine the quantity of pre-vitamin D conversion from 7-DHC. We determined the resultant amount of vitamin D 3 by standard high-performance liquid chromatography (HPLC) methods, as described by Holick et al. (15) .
We determined that the portable tanning machine could effectively convert 7-DHC to previtamin D 3 (Fig. 2) . At several distances and times, from 0.5% to 5.0% of pre-vitamin D 3 could be detected in the ampules. Control ampules that had not been exposed to the tanning device did not demonstrate detectable pre-vitamin D 3 . These data provided necessary preclinical data to proceed with our pilot study to evaluate the use of the portable tanning machine in CF and SBS patients with malabsorption. Based on these data, we developed a protocol to expose patients to UVB light via the tanning machine for up to 10 min at a distance of 14 inches.
Evaluation of a tanning machine to improve vitamin D status in two patients with severe SBS
Subjects-We obtained Emory University IRB approval to study the effect of the Sperti Del Sol sunlamp (Cresent Springs, KY, USA) in two SBS subjects with chronic, severe diarrhea and vitamin D insufficiency [25(OH)D <30 ng/ml], who both had failed oral courses of vitamin D therapy to improve vitamin D status. The first subject was a 49-yearold woman with 50 cm of the bowel remaining after massive small bowel and partial colonic resection secondary to mesenteric ischemia. The subject required parenteral nutrition (PN) solution 7 nights/week with 200 IU/day of vitamin D 3 to maintain nutritional status. Her left femoral neck bone density was 2.4 standard deviations below the peak density, and she had subjective pain and malaise. The second SBS subject was a 54-year-old woman who had multiple small bowel resections for a strangulated hernia in whom the distal duodenum was anastomosed to the right transverse colon. The subject also required PN solution 7 nights/ week with 200 IU/day of vitamin D 3 to maintain nutritional status. Like the first subject, she suffered from severe night cramps and bone pains.
Study protocol in SBS patients-
The study was conducted in the months from March to May. The two SBS subjects came to the outpatient clinic twice weekly for 8 weeks for the UV light sessions, which were administered by the study team. After baseline blood studies were obtained, both subjects started at an initial exposure time of 3 min from a distance of 14 inches to the exposed skin on the lower back in a seated position; the time was increased by 1 min to reach a target time of 6 min per UV light session in accordance with their skin type (Appendix A). The skin was inspected before and after each session to examine for any burns. Subjects gave a blood sample for 25(OH)D and parathyroid hormone (PTH) determinations every 4 weeks until the end of the study. Descriptive statistical analyses were performed in this pilot study in SBS patients.
Vitamin D status and PTH-Commercially available ELISA kits were used to measure 25(OH)D (IDS Ltd., Fountain Hills, AZ, USA), and intact PTH (Diagnostic Systems Laboratories, Webster, TX, USA) in blood samples at baseline and after 8 weeks of use of the tanning lamp.
Results
The first subject with SBS demonstrated a baseline serum 25(OH)D of 13 ng/ml that increased by 70% to 21 ng/ml at 4 weeks, and plateaued at this level after 8 weeks of UVB therapy. The serum PTH levels in this individual increased slightly from 150 to 165 pg/ml at the end of 8 weeks. There was a subjective reduction in the severity of her night cramps and bone pains. The second SBS subject demonstrated a baseline serum 25(OH)D of 17 ng/ml that increased by 40% to 24 ng/ml at 2 weeks, but then decreased to baseline levels (16 ng/ ml) after 8 weeks of study. Her serum PTH levels decreased from 130 to 58 pg/ml at the end of 8 weeks.
Adverse events
Both subjects tolerated the monitored radiation sessions without any adverse events.
Evaluation of a tanning machine to improve vitamin D status during the winter months in subjects with CF Subjects-We obtained Emory University IRB approval to study the effect of the Sperti Del Sol sunlamp in CF patients with documented vitamin D insufficiency. The target population for the study was CF subjects cared for by the Emory Cystic Fibrosis Center (Atlanta, GA). Subjects were recruited by posted advertisements and referral by physicians. Subjects gave written informed consent for participation in the study. We included subjects older than 18 years of age who had documented vitamin D insufficiency [serum 25(OH)D <30 ng/ml] within the last three months, and had a history of gastrointestinal malabsorption documented by requirement of pancreatic enzyme replacement therapy or long-term PN therapy, or who had a skin sensitivity types II-VI (Appendix A). We excluded those subjects who had a history of photosensitivity, a history of active skin disease or any history of skin cancer, who were taking medications that limit sunlight exposure (such as tetracyclines or fluoroquinolones), who were taking more than 1000 IU vitamin D or vitamin D analogs daily orally, who had evidence of liver or kidney failure, who had fair skin type I (Appendix A), who were undergoing tanning sessions or subjects who were pregnant.
Study protocol-Based on the promising, but sub-optimal increase in serum 25(OH)D in these two pilot subjects with severe SBS, we increased the frequency of exposure to the tanning device to five times a week for the same time period of 8 weeks in the subsequent study in CF patients. The study period was from November to February. Subjects had a baseline 24-hour dietary recall and sunlight exposure questionnaire, and a baseline blood sample for the measurement of serum 25(OH)D and PTH. Subjects completed five UV light sessions per week for 8 weeks at home. Goggles for eye protection to be worn during the sessions were given. The target time per session was based on skin type (Appendix A). The subjects were asked to start with 3 min/session and to increase the time by 1 min/week till their target time. Subjects were instructed to expose the skin of the lower back to the tanning machine in a seated position from a distance of 14 in. Subjects came to the outpatient clinic every 2 weeks to for examination of the skin, and blood was drawn at 0 and 8 weeks for serum 25(OH)D and PTH mesurements.
Dietary history-Twenty-four hours of food recall was recorded for the day just before the first visit to the clinic. The dietary questionnaire had food portions that were visually quantified and standardized for the subject quantification. ESHA's The Food Processor SQL Version 9.8 Software was used to analyze the dietary intake.
Vitamin D status and PTH-We used the same commercially available ELISA kits that were used to measure 25(OH)D and intact PTH as in our pilot study of SBS subjects. 
Results
Subject demographics
A total of eight CF subjects enrolled in the study. Two subjects who failed to report for the second tanning session were excluded. One subject was excluded due to non-compliance of the study protocol. Thus, five CF subjects were included in our analysis (Table 1) .
Dietary vitamin D intake and supplementation
The mean dietary vitamin D intake averaged 237 IU/day. Three subjects were taking vitamin D supplements containing 400 IU of vitamin D daily, one subject was taking supplements containing 800 IU of vitamin D daily and the last subject was not taking any vitamin D supplementation.
Vitamin D status and PTH concentrations
Serum 25(OH)D levels in the five CF subjects at baseline were 21 ± 3 ng/ml, which increased to 27 ± 4 ng/ml at the end of 8 weeks (P = 0.05) (Fig. 3) . Four out of five CF subjects had moderate to severe vitamin D deficiency [25(OH)D <20 ng/ml] at the start of the study, while only one out of five was so at the end of 8 weeks. The PTH concentrations remained unchanged during the 8-weeks study period (45 ± 10-43 ± 12 pg/ml).
Adverse events
Mild transient erythema occurring after the use of the tanning device was reported by all subjects, but no sunburn or discomfort was reported.
Discussion
This pilot study demonstrates that a portable tanning device emitting UVB could maintain or improve vitamin D status in patients with CF or SBS during the winter months. Studies in SBS patients helped to define the UVB dose chosen for the CF study. In CF subjects, all were vitamin D deficient, despite taking regular vitamin D supplementation, due to malabsorption. During the winter, 8 weeks of the Sperti sunlamp resulted in a 25% increase in serum 25(OH)D concentration, and the prevalence of severe vitamin D deficiency [defined as 25(OH)D <20 ng/ml] decreased from 60% to 20%. All subjects demonstrated an increase in serum 25(OH)D concentrations, which achieved statistical significance. Similar results were found in the early pilot study in two SBS subjects. The use of a desktop tanning unit was well tolerated and no significant adverse events were reported by either group.
Sunlight, in particular UVB between the wavelengths of 290 and 315 nm, is the main source for producing vitamin D in the skin and is the primary source of vitamin D for the body. It is estimated that 90% of the daily body requirements are met by sunlight exposure (16, 17) . One minimal erythemal dose (MED) of UVB exposure to 6% of the body surface area is equivalent to the ingestion of 600-1000 IU of vitamin D (18) . Thus, exposure of the hands, face and arms two to three times a week is sufficient to meet the daily body vitamin D requirements in most individuals during the spring, summer and fall (18) . Owing to the zenith angle of the sun during the winter months, very little UVB penetrates the earth above 351 latitudes, and thus sunlight exposure at this time will not result in sufficient vitamin D production (19, 20) . For example, a third of healthy adults living in Boston were demonstrated to be vitamin D deficient at the end of winter (21) .
In areas where there is limited sunlight or in situations where patients cannot absorb vitamin D from the diet, phototherapy using UV light has been used to correct vitamin D deficiency. In the early 20th century, mercury arc lamps were used to treat children with rickets in Russia. Indoor beds or tanning devices have been reported to be an effective alternative method to maintain or raise vitamin D status especially during the winter months in individuals with malabsorption (1, 22) . Subjects who use an indoor tanning bed at least once a week have 150% higher 25(OH)D levels at the end of winter and higher BMD than matched healthy controls (13) . Several other studies have used UVB from artificial sources in raising body vitamin D status (23) (24) (25) (26) (27) (28) .
Vitamin D insufficiency and metabolic bone disease remains a major health problem in patients with CF. The cause for decreased bone density in CF is multifactorial; however, due to the inability to absorb fat soluble vitamins, vitamin D insufficiency is a major contributing factor (8) . Serum 25(OH)D in CF patients is positively correlated with BMD (29) . A recent Johns Hopkins Hospital study found 109 out of 134 CF adults in the clinic to be vitamin D deficient [serum 25(OH)D <30 ng/ml], and none of the 33 CF subjects who finished 1 200 000 IU of oral vitamin D 2 over 4 months showed correction in their vitamin D status (10) . The CF consensus guidelines for bone health suggest the use of UV lamps in subjects who fail to achieve optimal vitamin D status; however, no standard protocols have been established (8) . A recent case-control study from Sweden demonstrated that CF subjects exposed to UV lamps one to three times weekly for 6 months showed an increase in circulating 25(OH)D from 20 to 50 ng/ml (27) .
One of the weaknesses of our study is that we did not have randomized control subjects during the same months. Our small sample size also limits the power of our data analysis; however, the study subjects were exposed to the tanning light for just 8 weeks, which significantly increased their serum vitamin D levels by 25%. However, the values failed to reach the newly established levels to define vitamin D insufficiency [25(OH)D >32 ng/ml] (30) . This suggests that the protocol may need to be extended for a longer time. Also, during this limited timeframe, we failed to show a significant decline in serum PTH concentration. Another limitation was that compliance could not be well assured in our second study with CF subjects because of the use of the tanning device at home.
In summary, we found that a portable tanning device used for tanning could be used to improve vitamin D status in selected individuals with intestinal malabsorption of vitamin D. Eight weeks of exposure to the sunlamp increased circulating 25(OH)D levels by 25% and reduced the prevalence of severe vitamin D deficiency. Further research is needed to determine the optimal duration of UVB exposure and to determine the long-term benefits of correcting vitamin D status by UVB on musculoskeletal health in these at-risk patients. Ultraviolet spectrum output of the Sperti Del Sol sunlamp used in the study. Percentage of pre-vitamin D 3 formed after exposing ampules containing 7dehydrocholesterol (7-DHC) to a portable tanning machine at several times and distances (◆, 14 inches; ■, 20 inches; ▲, 26 inches). Ampules containing 7-DHC (pro-vitamin D) were exposed to a portable tanning machine at several distances and times to determine the optimal conditions for vitamin D production in the skin. Vitamin D production was optimal at 14 cm from the device and an exposure time between 10 and 15 min. 
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